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Abstract 
Rain floods are frequent for mountainous rivers of Georgia. As a reason of the recent floods and high waters the norms 
of maximum water discharge, its extreme and probable values have been ascertained. These norms are vital for planning 
organizations for safety of various constructions. The territory of Georgia is divided into different regions according to 
various types of high water rates, which enable to predict the flow of yet unstudied rivers. For the same purpose, 
regional equation considering sub watershed areas and average annual water expenditure has been worked out. Applying 
multifactor statistical model, prognostic equations with various factors have been detailed for maximum water 
discharges 1-3 months beforehand and rain floods 1-2 days advance. The prognosis is ascertained constantly considering 
precipitation, air temperature, liquid water content of snow and rivers. When high water peaks are expected appropriate 
measures have to be carried out in advance for safety of population, economy and environment. 
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1. Introduction 
In connection with global climate change on the Earth the number of catastrophic floods has been 
enormously increased and caused great damages. This problem is especially urgent for Georgia where high 
waters and continuous floods are preconditioned by the landscape-climatic state. On each spring season 
mountainous rivers and dry gaps run in strong flows toward to the lowlands.   
60-80% of river annual discharge flows during floods. It is formed by simultaneous participation of the 
melting waters of seasonal snow, rain, eternal snow and glaciers in different ratio. In highland basins flood 
lasts 5-6 months (from March till August), and in lowland where eternal snow and glaciers are absent it 
covers March-June months. Because the variability of river discharge’s forming factors for each river basin 
has special character in space-time, thus floods and their peaks aren’t similar and are characterized by 
definite exceptionality. 
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Indeed floods are the reason of enormous damages but it is fact that on Georgian rivers there has been 
built many reservoirs, due to the hydro power stations, also irrigate and water supply systems are 
functioning. The annual restore and operation of reservoirs depend especially on the river flood discharges. 
So floods are the reason as of damages as of great benefit, because at the expense of flood water storages 
electricity is generated, crop is growing  and population and industrial objects water supply is secured. 
Therefore annually the flood water resources conservation plan has to be made for various objectives. 
Except of spring floods on Georgian rivers take place also high waters at any season of year those in rainy 
periods take catastrophic character. Besides because of the growth of anthropogenic impact (elimination of 
lakes and growth) the high water increases, that caused irreversible destruction to the separate regions, 
population, industry, nature and ecological state. Especially during last 20 years in Georgia there were 
repeated large-scaled catastrophes in several times, that damaged economy significantly (1.5mlrd. GEL), 
especially were damaged bridges, rail and high ways, communications, canals, seeding, animals and also 
humans have been lost. 
2. The description of phenomena 
To eliminate damages and increase safety it is essential to assess past flood- high waters. But 
unfortunately during Soviet period the information on great damages and human losses haven’t been 
disseminated. Within this research various information has been studied, as well stationary observation and 
expedition materials about phenomena itself also on caused damages were investigated. It is remarkable that 
in the earliest record on floods in Georgia dated by VIII Century great number of losses is fixed. It happened 
on 735 when invader Murvan the Deaf’s 3500 fighters with their horses were lost in river Tskhenistskali 
flood. Thus after this river was called Tskhenistskali (Horse Water).  
Catastrophic high waters are frequent on river Rioni within Kolkheti lowland, where high intensive 
precipitations are common. On January 1911 there was registered 4m depth snow, and rivers were covered 
with ice. But February was warm and it caused enormous precipitation and surrounding settlements were 
covered by 3m water. River flow velocity was 4m/sec. Also on October 25, 1922 on river Rioni passed 
greatest catastrophic flood, which’s extreme water discharge (1470m3/sec) in river basin upper part (vill. 
Alphana) was regarded as the greatest. In Rioni lower part on April 2 1982 there has been happened greatest 
flood with maximal discharge (6000 m3/sec). River Rioni water discharge on February 1, 1987 while high 
water was 5000 m3/sec, that was strengthened by 1600 m3/sec water from Vartsikhe reservoir emptying that 
was resulted in break of right bank dike and surrounding settlements were flooded. Material losses amounted 
in 500mln GEL [1]. 
Catastrophic high waters are frequent especially in Black Sea rivers. Annual precipitations in Adjara 
reach 2000-3000mm.  Two days precipitation sum is 200-350mm. In river Chorokhi near vill. Erge maximal 
water discharge (3840m3/sec) was passed on May 8, 1942. Adjara River levels rose up to 4-5m and water 
flow velocity was up to 5m/sec. Sudden flood on August 31, 1979 broke buildings, bridges, roads, gardens 
[2]. 
In Georgia the first note about floods was published on 1839 in “Kavkaz” magazine, where was marked 
that river Mtkvari on May 29 reached its highest level 9.6m and flooded large territory. Moreover the flood 
repeated on 1858 when sudden flood caused human and animals losses [3]. On 30 years of XX-th Century the 
coast-protecting structures were built on river Mtkvari and city of Tbilisi wasn’t flooded. General visual 
flood observation materials were changed by specialized observation one. 
The investigation of last year floods revealed the fact that they aren’t decayed but strengthened. 
Especially hard situation was in 1996 when froze and warm days, also rains and snows alternated. In the 
result snow-ran floods caused great damage. The 2005 flood was distinguished by its scale that was 
preconditioned by winter deep snow cover and multiple intensive rains in spring (from April till June). 
Simultaneous snow melting and rain were resulted in catastrophic floods that covered country’s many 
regions. The damage was enormous [4]. 
Catastrophic high waters were happen also on September-October, 2008, when daily precipitation amount 
somewhere exceeded 180mm. City of Poti, power stations were flooded, 8 people were died. The damage 
582  Tsisana Basilashvili et al. / Procedia Social and Behavioral Sciences 19 (2011) 580–585
accounted 4mln GEL. October 31 2009 catastrophic high water in Kakheti region caused 8mln GEL losses. 
On spring 2010 the catastrophic high waters passed on every river in Georgia, especially in Western 
Georgia, where on May hail destructed agriculture property. 
It is remarkable that in Georgia except snow and rain high waters are caused also by accumulated water 
discharges resulted from snow slides and ice encumbering. Historically is well known 1776-1855 “Kazbegi 
Avalanche Flooding”, characterized by 80-100m depth flows and strong air waves. Such high waters passed 
on river Tergi on 1863, 1884, 1900, 1914, 1931 and so on. On 1902 river Sioni valley was encumbered with 
30m depth snow avalanche and road was blocked for a month. On 1987 in river Baidara valley 3 mln. m. 
snow was blocked, on 1989 winter river Asa valley was encumbered and up to the end of  July the road was 
blocked. Such phenomena have been taken place on 2000 in river Tskhenistskali. Besides on Georgian rivers 
it happen ice, stone-avalanches and landslide encumbers, resulted in formation of lakes [5]. 
Floods are observed every year but they aren’t always destructive. They are catastrophic if intensive snow 
melting coincides with heavy rains, when river basin can’t fit water from catchments area, flows over banks 
and floods surrounding territories. For example on river Mtkvari during observation 76 year period the flood 
passed only 30 times which’s maximal discharge exceeds its mean value. The exceptional flood was on 1968 
when in river Mtkvari basin’s upper part on Turkey territory intensive collected snow melting together with 
rains on April, 18-21 caused catastrophic high water in Georgia. Along river Mtkvari bank protecting 
constructions, roads, bridges were destroyed, railroad and vehicle traffic were broken. Mtkvari highest water 
peak passed in city of Tbilisi with 2450 m3/sec water discharge that exceeded river basin those capacity -
1800 m3/sec, calculated for last year maximum on 650 m3/sec or by 36%. In result water overflowed and 
flooded surrounded territory. 
3. Calculations 
To avoid such situations it is necessary to specify river features especially maximal runoff characteristics, 
considering new data. Thus firstly river runoffs and their maximal discharge norms, extreme and probable 
values with 10%, 5%, 1%, and 0.1% support and starting from 10 till 1000 year repeatability have been 
specified [4]. This data are essential for projecting organizations in water industry calculations for building 
safety. 
Georgian territory is characterized by various physical-geographical conditions, from cold nival in 
highland, to warm subtropical- in lowland, respectively river water content and their regime is different in its 
separate regions and change depending on their sources in various season. Based on the analysis of 
hydrological observation data we have 29 various water regime region. Flood periods (by month) and high 
water months with % share of their runoff for these regions are presented in table 1. Using table 1 the river 
flood and high water month runoff significance (Rn) may be defined by the following expression: 
Rn = 0.12 R0  n    (1) 
where R0-monthly mean runoff of selected river, that can be expressed in different dimensions: layer     (h-
mm), volume (w-m3), module (M) or water discharge (Q-m3/sec); n- flood period or high water month 
discharge % share of selected region according table 1. 
In the case of unstudied river monthly mean runoff value (R0) is determined from the annual mean runoff 
maps of Georgian rivers [6]. Using the layer (h0-mm) of this runoff and equation (1) the flood and high 
water month runoff layer (hn-mm) has been calculated. Flood water discharge (Qn m3/sec) is calculated by 
the following equation: 
Qn =hn F100/Tn    (2) 
where F (km2)- river basin square, that in case of unstudied river is defined by corresponding measurement 
on the map, Tn- sum of seconds in flood period (108000sec in 30 day, 111600sec in 31 day). 
Runoff volume (Wm3) is calculated by the following expression: 
Wn=QnTn     (3) 
The runoff module (Mn) is calculated by the following equation: 
Mn=Qn*100/F    (4) 
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Table 1.     High water periods of rivers and maximal discharge months of rivers in Georgia with corresponding % share from annual 
discharge according separate regions 
Period Maximal discharge Number 
of region Months % Month % 
1 IV-VII 55.8 V 18.0 
2 IV-V 27.9 IV 14.9 
3 XII-III 46.9 III 12.6 
4 V-VIII 61.5 VI 18.4 
5 IV-VII 51.8 V 15.2 
6 V-VIII 68.4 VI 20.1 
7 V-IX 80.4 VII 22.4 
8 IV-VIII 70.8 VI 17.6 
9 I-III 35.7 III 12.0 
10 IV-VII 56.8 V 17.5 
11 III-IV 27.3 IV 14.1 
12 V-VIII 62.5 VI 18.8 
13 IV-V 49.6 IV 30.0 
14 II-IV 42.7 III 17.6 
15 III-V 44.0 IV 18.0 
16 IV-VI 46.3 V 20.3 
17 X-XII 30.4 X 11.1 
18 III-VI 58.2 V 19.6 
19 IV-VI 59.7 V 25.5 
20 III-VI 65.6 IV 25.5 
21 III-V 67.3 IV 39.1 
22 IV-VII 60.3 V 19.1 
23 V-VIII 64.2 VII 21.3 
24 IV-VI 44.4 V 19.1 
25 IV-VI 54.2 V 22.3 
26 IV-Vi 52.0 V 21.2 
27 IV-Vi 50.2 V 18.6 
28 IV-VII 55.0 V 17.0 
29 IV-V 25.1 V 13.6 
For the determination of unstudied river runoff their relations with studied river flood runoff 
characteristics have been investigated. Close relations were obtained for basin squares (F-km2) and rivers 
mean annual discharges (Q- m3/sec); by their approximation the following expressions have been received: 
Q=aF      (5) 
Q=bQ0      (6) 
where a, b parameters have different significances for separate regions: in river Bzipi and Kodori basins 
a=0.105, b=1.97; in Tskenistskali basin a=0.064, b=1.73; in river Rioni basin a=0.062, b=1.70; in Western 
Georgia river basins a=0.046, b=2.0. Using above given equations it is possible to examine calculation 
correctness of unstudied river flood runoff.  
Multiyear change dynamics analysis of floods revealed maximal discharges growth tendency in Western 
Georgia on the Caucasus south slopes rivers (Bzipi, Kodori, Enguri, Rioni, Kvirila), and on south-western 
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and eastern Georgian rivers  they reduced. 
During last years the growth of flood maximal discharge is caused basically by global climate change, but 
also in past years forests were intensively felt down, they deter water surface runoff and reduce its maximal 
peaks. Besides river basins aren’t cleaned that reduces its water discharge ability and causes environment 
flooding. 
4. Recommendations
For the passing flood smoothly the slopes have to be terraced, and woodland has to be renewed and 
widened. Also reservoirs significantly reduce flood hazard, which accumulate a great amount of flowing 
water and provide water resources conservation: for electricity generation, water supply and melioration. 
Reservoirs are also base for enlargement of sports and fitness and tourist- recreation zones. Using reservoirs 
energetic problems in mountain regions became possible to resolve, deforestation process will be 
decelerated, populations social-economical state will be improved. Thus in mountainous river conditions it 
will be useful to construct small size reservoirs, that will be the most safe and efficient facility. 
Together with construction of reservoir it is necessary to draw up its emergency emptying schedule based 
on the exact hydrological calculations in the way that in flood it emptied ahead of peak reaching step by step 
nonsimultaneously, that at its end, can caused flood strengthening. In future reservoir net would be enlarged. 
Their construction needs significant expenditures but mountainous small rivers upwelling may be the reason 
of more losses. Reservoirs water resources may multiply be used to improve state economy. 
For present because new reservoirs are unconstructed in Georgia and also forest recover in short period of 
time is impossible, then for the mitigation of flooding hazard and  safety of flood catastrophes the following  
activities are recommended: river basins to be cleaned and deepened after flooding, picked stones may be 
used to strengthen and rebuild bank protecting constructions; tunnel in the mountain bottom spillways; 
identify flooding margins, where settlements, building and industry would be prohibited. 
Table2. Examples of river maximal discharges (Qmax-m3/sec) long-term and high water (Qm-m3/sec) short-term forecasts with their 
stepwise accuracy 
Assessment criteria 
Prognostic equation 
S/ı P% r 
River Mtkvari-city of Tbilisi    
Qmax = 6.16HXII-II+551 0.73 62 0.70 
Qmax = 5.65HXII-II-57.7ș III+745 0.68 66 0.75 
Qmax = 4.76HXII-II-84.67ș III+2.21QIII+538 0.67 70 0.76 
Qmax = 2.60HXII-II-1177ș III+2.78QIII0.63WIII+752 0.64 72 0.80 
River Rioni-village Namokhvani    
Qm = 0.71Qb+269 0.65 75 0.76 
Qm = 0.73Qb+0.87șn-1+233 0.63 77 0.77 
Qm = 0.72Qb-9.1 șn-1-5.72 șn-1+249 0.62 79 0.78 
Qm = 0.73Qb+14.0 șn-113.8 șn-1+12.3Hb+296 0.61 80 0.79 
Qm = 0.71Qb+7.5 șn-1-9.2 șn-1+13.9Hb+1.7Hn-1+283 0.60 82 0.80 
Marks: S/ı is the ratio of prognosis mean square deviation (S) with mean square deviation of prognostic element (ı); P%- prognosis 
justification; r-correlation factor between actual and prognostic values. 
5. Forecasts 
For flooding safety most appropriate is to elaborate flood long-term and high water short-term forecasting 
methods that are essential also for water resources conservation and reservoir exploitation. The forecasting 
Tsisana Basilashvili et al. / Procedia Social and Behavioral Sciences 19 (2011) 580–585 585
development can’t avoid event but makes possible to mitigate its negative impact. 
Long-term operative forecasts of flood maximal discharges are generated in March, when the observation 
data of passed winter period have been known, and maximal discharges will pass after 1-3 months (in April-
June) in that extreme situation when snow intense melting coincides with rains. In this period the impact of 
existing factors on the formation of maximal peak is too significant, but its consideration in prognostic 
computation is really impossible, because of lack of corresponding numerical prognosis. 
The forecasting methods were formed using statistical model [7], where the predictors selection was 
carried out using multistep exclusion rule, and the equation is worked out the multifactor equation system 
was directly and indirectly expanded by corresponding assessment criteria. Using such method it is possible 
to reduce prognostic information, increase operability and accuracy. In the result of research for 17 industrial 
hydro section of Georgia the prognostic equation of maximal discharges (Q-m3/sec) have been obtained 
considering following factors: atmospheric precipitations (H-mm), air mean temperature (ș0C), water-
content of snow cover (W-mm) and river water discharge of last period (Q- m3/sec). Gradual adding of those 
factors makes possible to precise prognosis step by step. The forecasting results are presented in table 2.  
In this prognosis (1-3 month beforehand) winter precipitation sum (HXII-II-mm) and March month data: air 
mean temperature (șIIIoC), river water expenditure (QIII-m3/sec) and snow water content (WIII-mm) are used. 
For short-term forecast (24 hr. beforehand) high water pre day (b) and passed maximal discharge pre day (n-
1) data; for air temperature as its mean daily (ș0C) also its maximal (ș0C) values have been taken. 
6. Conclusion 
The received prognosis give possibilities to conduct all preventable measures in case of expected high 
peaks, to secure all objects and avoid damages and losses. River water high peak forecast urgently have to be 
passed to corresponding bodies and organizations, for timely alert population and carry out evacuation and 
safe tangible property. Besides reservoirs must be emptied to receive water flows in what follows. 
In future for the elaboration of perfect prognostic methods except hydrometeorological net it is necessary 
to use satellite and vertical aerial photograph data. Also it is necessary to create radiolocation and remote 
sensing net. Scientific analysis of those data makes possible to create prognostic methods of anomaly 
hydrometeorological processes. 
Acknowledgement 
The present research has been realized within the bounds of Grant No GNSF/STO8/5-444 of Georgian 
National Scientific Foundation  
References 
[1] Tsomaia V. Maximum Water Discharges of Disastrous Floods on the River Rioni. Transactions of International Conference Erosion 
- Debris Flows Phenomena and Some Adjacent Problems, Tbilisi, 2001, 224-228. 
[2] Tsomaia V. Investigation of forming conditions and statistical analysis of rainfall floods of Adjara Black Sea coastal rivers. 
Transactions of the Georgian Institute of Hydrometeorology, 1986, Vol. 85(92): 31-46. 
[3] Svanidze G, Khmaladze G. Flash Flood and Floods. Dangerous Hydrometeorological Phenomena in the Caucasus. Gidrometeoizdat, 
Leningrad, 1989, 194-210. 
[4] Basilashvili Ts. Characteristics of the Floods on the Rivers of Georgia and Ways of their prevention. Transactions of the Georgian
Institute of Hydrometeorology, 2008, Vol. 115: 313-321. 
[5] Tsomaia V, Gachechiladze G, Tsintsadze T, Gorgijanidze S, Pkhakhadze M. Clogging floods and flows on Georgian territory. 
Tbilisi, 2009, 134 p. 
[6] Svanidze G, Tsomaia V, Meskhia R. Vulnerability and Adaptation Measures for Water Resources in Georgia. Transactions of the 
Georgian Institute of Hydrometeorology, 2001, Vol. 106: 1-30. 
[7] Basilashvili Ts. The Method of Working-out of Hydrological Prognosis in Conditions of Limited Information. Bulletin of the 
Georgian Academy of Sciences, 2000, Vol. 162(1): 110-112. 
